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(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the diffusion of 
the atoms, of such as boron, for composing a gate 
electrode into a gate insulating film when using metal 
silicate as the gate insulating film, and to suppress the 
increase of the interface level of a silicon substrate. 
SOLUTION: A semiconductor device has a field-effect 
transistor where the gate electrode 104 is formed on the 
silicon substrate 101 via the gate insulating film 103. The 
gate insulating film 103 contains metal, silicon, oxygen, 
and nitrogen. The concentration of the nitrogen in the 
film 103 is maximized at the gate electrode interface and 
is minimized at the substrate interface. The 
concentration of the metal in the gate insulating film 103 
is minimized at the gate electrode interface and is 
maximized at the substrate interface section. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It is a semiconductor device which has the field effect transistor by which a gate electrode was 
fomned via gate dielectric film on a semiconductor substrate, 

Said gate dielectric film nitrogen concentration in this film in an interface part with said gate 
electrode including metal silicon, oxygen, and nitrogen the maximum, And a semiconductor 
device to which it is the minimum in an interface part with said substrate, and metal 
concentration in said gate dielectric film is characterized by being the maximum by the 
minimum and an interface part with said substrate in an interface part with said gate electrode. 
[Claim 2] 

The semiconductor device according to claim 1 , wherein said semiconductor substrate 
consists of a Si layer on a silicon substrate and a SiGe layer, or a Si layer on an insulator 
layer. 
[Claim 3] 

The semiconductor device according to claim 1 or 2, wherein metal concentration in said gate 
dielectric film is increasing from an interface with said gate electrode in monotone toward an 
interface with said substrate. 
[Claim 4] 

The semiconductor device according to claim 1 or 2 which metal concentration in said gate 
dielectric film is increasing from said gate electrode side to said substrate side in monotone, 
and is characterized by being uniform in both an interface part with said gate electrode, and an 
interface part with said substrate. 
[Claim 5] 

When metal concentration in said gate dielectric film is defined as Metal/(Metal+Si) (however. 
Metal composition ratio of metal in gate dielectric film and Si composition ratio of silicon in gate 
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dielectric film), The semiconductor device according to any one of claims 1 to 4, wherein this 
metal concentration is 15% or less in an Interface part with said gate electrode and is not less 
than 35% in an interface part with said substrate. 
[Claim 6] 

Metal in said gate dielectric film Hafnium (Hf), a zirconium (Zr), The semiconductor device 
according to any one of claims 1 to 5 being titanium (Ti), tantalum (Ta), aluminum (aluminum), 
yttrium (Y), a lantern (La), one element in cerium (Ce), or two or more elements. 
[Claim 7] 

A process of depositing a metal-silicates film containing metal silicon and oxygen which metal 
concentration serves as the maximum by the substrate interface side, and serves as the 
minimum by the upper layer side on a semiconductor substrate, 

A process of introducing nitrogen into a surface part of said metal-silicates film, and forming a 
nitriding metal-silicates film, 

A process of forming a gate electrode on said nitriding metal-silicates film, 

****** _ a manufacturing method of a semiconductor device characterized by things. 



[Translation done.] 
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damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
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3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to a semiconductor device which used the high dielectric constant 
material especially for gate dielectric film, and a manufacturing method for the same with 
respect to the semiconductor device which has a field effect transistor (MISFET). 
[Background of the Invention] 
[0002] 

In recent years, thin film-ization of gate dielectric film is advanced by the demand of 
improvement in the speed of LSI, and high integration, and thin film-ization already serves as a 
limit from viewpoints of leakage current control etc. by the Si02 film. Then, it is examined that 

Si02 conversion thickness uses the material (High-k material) whose specific inductive 

capacity is higher than S\0^ as a thin insulator layer with little leakage current Using for S\0^ 

what is called metal silicates that added the metal atom as such a High-k material is examined. 

[0003] 

The serious problem at the time of using metal silicates as gate dielectric film is that the atoms 
(for example, boron of the dopant atom at the time of using a poly-Si electrode, etc.) which 
constitute a gate electrode are spread into gate dielectric film. The electrode configuration 
atom diffused into gate dielectric film generates a fixed electric charge in a film, and causes a 
flat-band-voltage shift and a mobility fall. Although it is known that diffusion of this electrode 
configuration atom will be controlled by adding nitrogen to metal silicates, when the nitrogen 
added by one side exists near the interface with a silicon substrate, interface state density is 
made to increase, and it is also known that this will bring about the fall of mobility. 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A% 6/3/2008 



JP,2005-045166,A [DETAILED DESCRIPTION] 



Page 2 of 10 



[0004] 

Therefore, in order to control diffusion of the electrode configuration atom to the inside of gate 
dielectric film and to keep the characteristic of a substrate interface good moreover, it is 
preferred to add nitrogen only near an electrode interface at high concentration. However, 
even if only the gate electrode side can introduce nitrogen into gate dielectric film temporarily 
so that concentration may have the greatly partial distribution since diffusion of the nitrogen 
atom in the inside of metal silicates is especially quick, it is very difficult to maintain this stably. 
[Patent documents 1] JP,2001-332547,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0005] 

Thus, when metal silicates are conventionally used as gate dielectric film of MISFET, in order 
to control diffusion into the gate dielectric film of atoms, such as boron which constitutes a gate 
electrode, it is necessary to introduce nitrogen into gate dielectric film but, and. When nitrogen 
was introduced Into gate dielectric film, there was a problem which makes the interface state 
density of a silicon substrate increase, and causes the fall of mobility. 
[0006] 

The place which accomplished this invention in consideration of the above-mentioned 
situation, and is made into the purpose, In the composition using metal silicates as gate 
dielectric film, diffusion into the gate dielectric film of atoms, such as boron which constitutes a 
gate electrode, can be controlled, And the increase in the interface state density of a silicon 
substrate can be controlled, and it is in providing the semiconductor device which can be 
contributed to improvement in the speed and high integration of LSI. 
[Means for Solving the Problem] 
[0007] 

The following composition is used for this invention in order to solve an aforementioned 

problem. 

[0008] 

Namely, this invention is a semiconductor device which has the field effect transistor by which 
a gate electrode was formed via gate dielectric film on a semiconductor substrate, Said gate 
dielectric film nitrogen concentration in this film in an interface part with said gate electrode 
including metal silicon, oxygen, and nitrogen The maximum, And it is the minimum in an 
interface part with said substrate, and metal concentration in said gate dielectric film is 
characterized by being the maximum in the minimum and an interface part with said substrate 
in an interface part with said gate electrode. 
[0009] 

Here, an interface part with a gate electrode of gate dielectric film means a field including not 
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only a gate electrode interface but a gate electrode interface, and its neighborhood. Similarly, a 
substrate Interface part means a field including not only a substrate interface but a substrate 
interface, and its neighborhood. That is, an interface part means near an interface. 
[0010] 

The following are raised as a desirable embodiment of this invention. 
[0011] 

(1) A semiconductor substrate should be a silicon substrate. 
[0012] 

(2) A semiconductor substrate should be a Si layer on a SiGe layer. As for a SiGe layer, a 
lattice strain should be eased, and a Si layer should have a lattice strain (hauling distortion). 
[0013] 

(3) A semiconductor substrate should consist of a Si layer (SOI) on an insulator layer. 
[0014] 

(4) Metal concentration in gate dielectric film should increase from a gate electrode interface in 
monotone toward a substrate interface. 

[0015] 

(5) Metal concentration in gate dielectric film should increase from a gate electrode interface 
stair-like toward a substrate interface. 

[0016] 

(6) Metal concentration in gate dielectric film is increasing from the gate electrode side to the 
substrate side in monotone, and be uniform in both a gate electrode interface part and a 
substrate interface part. 

[0017] 

(7) When you define metal concentration in gate dielectric film as Metal/(Metal+Si) (however, 
Metal composition ratio of metal in gate dielectric film and Si composition ratio of silicon), this 
metal concentration is 15% or less in a gate electrode interface part, and be not less than 35% 
in a substrate interface part. 

[0018] 

(8) Metal In gate dielectric film should be hafnium (Hf), a zirconium (Zr), titanium (Ti), tantalum 
(Ta), aluminum (aluminum), yttrium (Y), a lantern (La), one element in cerium (Ce), or two or 
more elements. 

[0019] 

This invention is provided with the following. 

A process of being a manufacturing method of a semiconductor device which has a field effect 
transistor, and depositing a metal-silicates film containing metal silicon and oxygen which 
metal concentration serves as the maximum by the substrate interface side, and serves as the 
minimum by the upper layer side on a silicon substrate. 
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A process of introducing nitrogen into the surface of said metal-silicates film, and forming a 
nitriding metal-silicates film in it. 

A process of fomiing a gate electrode on said nitriding metal-silicates film. 

[Effect of the Invention] 
[0020] 

Since according to this invention it is considered as the maximum in a gate electrode interface 
part and nitrogen concentration in gate dielectric film is made into the minimum in the substrate 
interface part, Nitrogen concentration in gate dielectric film can be made high enough in a gate 
electrode interface part, diffusion into the gate dielectric film of a gate electrode composition 
atom can be controlled, nitrogen concentration in gate dielectric film can be made low enough 
in a substrate interface part, and the increase in the interface state density of a silicon 
substrate can be controlled. In addition, since it is considered as the minimum in a gate 
electrode interface part and metal concentration in gate dielectric film is made into the 
maximum in the substrate interface part, in the field where nitrogen concentration is high, 
metal concentration becomes low and, thereby, diffusion of nitrogen can be controlled. 
[0021] 

Therefore, diffusion into the gate dielectric film of the atom which constitutes a gate electrode 
can be controlled, and a niti-iding metal-silicates insulator layer with the good characteristic of 
an interface with a silicon substrate can be obtained. It becomes possible to raise the 
performance of MISFET by this, and can contribute to improvement in the speed of LSI, and 
high integration. 

[Best Mode of Carrying Out the Invention] 
[0022] 

About the concentration distribution in the inside of the film of the nitrogen atom and metal 
atom in nitriding metal silicates, nitrogen concentration is the minimum the maximum and near 
a substrate interface near an electrode interface, and the semiconductor device proposed by 
this invention is characterized by metal concentration being the maximum the minimum and 
near a substrate interface near an electrode interface simultaneously with it. 
[0023] 

Near [ above ] the electrode interface has refen-ed to the limited field including the true 
interface of a gate electrode and gate dielectric film, and this is the same also about near a 
substrate interface. So, below, some concrete examples of the concentration distribution in the 
inside of the gate dielectric film of a metal atom and a nitrogen atom are shown. Drawing 1 (a) 
- (c) is a key map showing the concentration distribution of the thickness direction of the metal 
atom in the gate dielectric film of this invention, and a nitrogen atom. 101 in a figure shows a 
silicon substrate, 103 shows the nitriding metal silicates as gate dielectric film, and 104 shows 
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the poly Si film as a gate electrode. 
[0024] 

As shown in drawing 1 (a), the concentration of the metal atom in the field which the field 
where the concentration of a metal atom is high is near the substrate interface, and the field 
where the concentration of a metal atom is low exists near the gate electrode interface, and is 
inserted into them is the interim concentration near both the interfaces. That is, in the field 
across which it faces near a substrate interface and near an electrode interface, the 
concentration of a metal atom is increasing from the electrode side gradually toward the 
substrate side on the fixed inclination. On the other hand, the concentration of a nitrogen atom 
is the maximum in a gate electrode interface, and is the minimum in a substrate interface, and 
the concentration of a nitrogen atom is decreasing gradually toward the substrate side on the 
fixed inclination from the electrode side. 
[0025] 

Drawing 1 (b) is a case where metal concentration increases from a gate electrode interface in 
monotone toward a substrate interface. As shown in drawing 1 (b), in a film, the inclination of 
the thickness direction of metal concentration does not necessarily need to be uniform, and 
may be changing on the way. 
[0026] 

Gate dielectric film is divided into two fields, a gate electrode interface side and the substrate 
interface side, about the concentration of a metal atom, and drawing 1 (c) is when metal 
concentration is uniform in each field. Also in this case, the metal concentration in gate 
dielectric film is high by the substrate side low by the gate electrode side. Such concentration 
distribution is acquired by forming gate dielectric film in two-layer. It is good by laminating 
many layers also as composition that the metal composition in gate dielectric film changes 
stair-like. 
[0027] 

These drawing 1 (a) As - (c) showed, the concentration of a metal atom does not need to be 
the maximum or the minimum in a true interface, All are contained in the range of this invention 
if it is the minimum near the substrate interface which means the limited field which serves as 
the maximum near the electrode interface which means a limited field including a gate 
electrode interface, and includes a substrate interface. This is the same also about the 
concentration distribution of a nitrogen atom. Even if it is a case where the concentration of 
metal or nitrogen serves as the maximum or the minimum inside more slightly than an 
interface, more specifically, it is contained in the range of this invention. 
[0028] 

By using the above-mentioned structure, the nitrogen partition toward which concentration 
inclined greatly is maintained stably, diffusion into the gate dielectric film of a gate electrode 
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composition atom Is controlled, and only the gate electrode side can realize a nitriding metal- 
silicates film with the good characteristic of a semiconductor substrate interface. 
[0029] 

The reason is explained below. A portion with higher metal concentration has [ the nitrogen 
atom In the gate dielectric film which consists of nitriding metal silicates ] the weaker 
combination with the sun-ounding atom, and combination is as strong as a portion with metal 
concentration low on the other hand. Therefore, when the external factor urged to 
reconstruction of film Nakahara children, such as heat, is added and the concentration 
distribution of the metal atom In a film has the above-mentioned profile. The loss to the exterior 
of the nitrogen atom like near [ where metal concentration is high ] a substrate interface is 
stabilized as near [ it is remarkable and metal concentration is / near / low ] a gate electrode 
interface, and is maintained as it is. Therefore, as for the gate electrode side, concentration 
has a tendency which becomes high more spontaneously [ the concentration of the nitrogen 
atom in gate dielectric film ], and steep distribution of the nitrogen atom inclined and introduced 
into the gate electrode side by surface nitriding Is maintained stably. 
[0030] 

Next, it inquires, referring to drawing 2 and drawing 3 f or the concentration of a desirable metal 
atom near a gate electrode and near a substrate. The hafnium silicate nitride in which hafnium 
concentration Hf/(Hf+Si) differs (15% and 35%) was formed. Nitrogen concentration is 40at.% 
and all of a presentation are uniform in a film. The MIS sample of silicon substrate / hafnium 
silicate nitride and poly-Si which uses these films as an insulator layer was produced. 
[0031] 

After adding heat treatment (inside of 1000 **, 30 seconds, and a nitrogen atmosphere) to this 
MIS sample, nitrogen concentration distribution of the thickness direction was measured by 
HR-RBS (High Resolution Rutherford Backscattering Spectroscopy) analysis. The result is 
drawing 2 . The sample whose hafnium concentration is 35% has the intentionally low nitrogen 
concentration in a film compared with 15% of sample so that drawing 2 may show. This is 
considered that the nitrogen atom dissipated in the insulator layer exterior, and the nitrogen 
concentration in a film fell eventually by heat treatment only the sample with hafnium 
concentration high among both the samples whose nitrogen concentration was the same at the 
time of membrane formation. The concentration distribution of a depth direction can be known 
in above-mentioned HR-RBS. A component analysis is possible, using RBS and XPS (X-ray 
Photoelectron Spectroscopy) with a thin film like gate dielectric film. 
[0032] 

That is, combination with a nitrogen atom and the surrounding atom is so weak that hafnium 
concentration is high, and it is because combination is cut easily and it is emitted to the 
insulator layer exterior by the external factor to which reconstruction of atoms, such as heat, is 
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urged. If typically expressed about the hafnium concentration dependency of the stability In the 
Inside of the film of this nitrogen, it will become like drawing 3 . According to drawing 3 , it is a 
maximum with desirable in order to maintain the nitrogen atom In a film on that occasion stably 
making hafnium concentration Hf/(Hf+SI) less than 15%, and this concentration desirable as 
concentration near an electrode interface. It Is a minimum with desirable in order to make the 
nitrogen atom in a film dissipate to the exterior canving out hafnium concentration Hf/(Hf+SI) 
more than 35%, and this concentration desirable as concentration near a substrate interface. 
[0033] 

In order to maintain stably the steep nitrogen concentration distribution in gate dielectric film as 
a result of the above examination, metal concentration Metal/(Meta1+Si) in a nitriding metal- 
silicates film will be concluded if it is important that carry out near an electrode and it considers 
it as not less than 35% near a substrate 15% or less. 
[0034] 

Hereafter, the more concrete embodiment of this Invention is described In detail, referring to 

drawings. 

[0035] 

Drawing 4 is a figure showing the section composition of MISFET concerning the embodiment 
of this invention. This MISFET possesses the gate electrode 104 which consists of polysilicon 
in which the p type silicon substrate 101, the gate dielectric film 103 which consists of nitriding 
metal silicates formed on this silicon substrate 101, and the n type impurity formed on this gate 
dielectric film 103 were introduced. The source drain area 105 which is the diffusion zone into 
which the n type impurity was introduced is formed in the position which sandwiches the gate 
electrode 104 in the silicon substrate 101. The gate side attachment wail 106 which consists of 
silicon nitride films is formed in the side attachment wall of the gate electrode 104. 107 is an 
Interlayer insulation film which consists of silicon oxide. The aluminum wiring 108 is connected 
to the gate electrode 104 and the source drain area 105 via the contact hole established in the 
interlayer insulation film 107. Two or more MISFET(s) are formed on the substrate 101 , and 
each MISFET is separated by the isolation region 102. 
[0036] 

Next, n-MISFET which uses a hafnium silicate nitride film as the gate dielectric film 103 is 

explained as an example about a concrete formation method. 

[0037] 

First, as shown in drawing 5 (a), the slot for isolation is formed by reactive ion etching on a 
plane direction (100), the specific resistance 4 - the p type silicon substrate 101 of 6-ohmcm. 
Then, the isolation region 102 is formed by embedding LP gas-TEOS film, for example. Then, 
the gate dielectric film 103 is fomned. 
[0038] 
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When forming the gate dielectric film 103 by a chemical-vapor-deposition method (CVD 
method), the raw material gas Hf, for example, C^gH^gN^, of a hafnium system. Oxygen is 

supplied in a reactor with the raw material gas of a silicon system, for example, CgH24N^Si, 

and a hafnium ****- Kate film is formed. At this time, in the side near the silicon substrate of the 
gate dielectric film 103, hafnium content increases according to making it change so that the 
flow rate of oxygen may become high with time, and it decreases in the surface side. Hafnium 
content can also be adjusted with forming temperature. That is, since hafnium content can be 
lessened by the surface side by reducing forming temperature from 650 ** to 400 ** with time, 
this method may be used instead of adjusting an oxygen flow rate ratio. 
[0039] 

Membrane formation of the above-mentioned hafnium silicate film may be performed by an 
atomic-layer-deposition method (the ALD method). In this case, hafnium system raw material 
gas, silicon system raw material gas, and oxygen are supplied by turns, as shown in drawing 
6. That is, the feed time per time of hafnium system gas and silicon system gas is in the state 
held to regularity T and T ., respectively, and the feed time per time of oxygen is changed so 

mT si 

that it may lengthen one by one with T^<T2<T2<T^. In the side near the silicon substrate of the 
gate dielectric film 103, hafnium content increases by this, and it decreases in the surface side. 

[0040] 

Membrane formation of a hafnium silicate film may be performed by the weld slag forming- 
membranes method. For example, weld slag membrane formation is carried out in argon and 
oxygen mixed gas, using a hafnium target and a silicon target simultaneously. It is made to 
change at this time, so that the ratio of the output of a hafnium target to that of a silicon target 
may make it small with time. In the side near the silicon substrate of the gate dielectric film 
103, hafnium content increases by this, and it decreases in the surface side. 
[0041] 

Next, nitriding [ the neighborhood of the surface of the hafnium silicate film 103 ] as shown in 
drawing 5 (b). For example, nitriding [ heating in NO gas or NHg gas atmosphere / the 

neighborhood of the surface of the gate dielectric film 103 ]. A nitrogen atom may be 
introduced only into the surface using nitrogen ion pouring, and a nitrogen atom may be 
stabilized by rapid heating (RTA). Nitrogen may be introduced near the surface by the 
technique of in-adiating with excitation (radical) nitrogen. It is effective especially when this 
method has desirable nitriding of the high concentration only near the surface. 
[0042] 

Next, as shown in drawing 5 (c). by a chemical-vapor-deposition method, a polysilicon film is 
deposited on the whole surface, this polysilicon film is patterned, and the gate electrode 104 is 
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formed. Then, for example in 450 ** and the pressure of 1-104 Pa, the 5-200-nm silicon nitride 
film 106 is deposited, using the mixed gas of the SiH^ gas diluted with nitrogen gas, and NH^ 

gas. 
[0043] 

Future processes are the same as that of the manufacturing process of the usual MISFET. The 
ion implantation of arsenic is performed, for example by accelerating voltage 20keV and dose 

1x10 ^^cm^, and, specifically, the source drain area 105 is fomied. Then, by a chemical-vapor- 
deposltion method, the silicon oxide 107 used as an interlayer insulation film is deposited on 
the whole surface, and the opening of the contact hole is carried out to this interlayer insulation 
film 107. Then, an aluminum film is deposited on the whole surface by a sputtering technique, 
and the wiring 108 is fomied by patterning this by reactive ion etching. MISFET shown in said 
drawing 4 can be formed through such a process. 
[0044] 

In MISFET fomned in this way, since nitrogen concentration in the gate dielectric film 103 is 
made high enough in the gate electrode interface part, diffusion into the gate dielectric film 103 
of the composition atom of the gate electrode 104 can be controlled. Since nitrogen 
concentration in the gate dielectric film 103 is made low enough in the substrate interface part, 
the increase in the interface state density of the silicon substrate 101 can be controlled. 
[0045] 

And since metal concentration is made low enough in the gate electrode interface part with 
high nitrogen concentration, diffusion of nitrogen in a gate electrode interface part can be 
controlled. Since metal concentration is made high enough in the substrate interface part with 
low nitrogen concentration, the loss to the exterior of nitrogen in a substrate interface part can 
be promoted. For this reason, a state highly low at the substrate side will be stably held by the 
gate electrode interface side as nitrogen concentration in the gate dielectric film 103. 
[0046] 

Therefore, also in a final product level, diffusion into the gate dielectric film 103 of the atom 
which constitutes the gate electrode 104 can be controlled, and a nitriding metal-silicates 
insulator layer with the good characteristic of an interface with the silicon substrate 101 can be 
obtained. It becomes possible to raise the performance of MISFET by this, and can contribute 
to improvement in the speed of LSI, and high integration. 
[0047] 

This invention is not limited to the embodiment mentioned above. According to an 
embodiment, although the silicon substrate was used as a substrate, the Si/SiGe board in 
which the Si layer was formed on the SiGe layer can also instead be used. Here, FET of the 
high mobility using a distortion Si channel is producible by having eased the lattice strain in the 
SiGe layer and giving a lattice strain (hauling distortion) to a Si layer. Some fields of a silicon 
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substrate may use the substrate of the SOI (Silicon Onlnsuiator) structure which replaced 
Si02. It is also possible to apply to MISFET from which the shape of a silicon substrate differs, 

for example, Fin type FET. 
[0048] 

As a gate electrode, germanium or these mixtures may be used instead of silicon. Metal 
electrodes, such as TiN, TaN, W, Nb, Ru, and Ru oxide, may be used. In addition, in the range 
which does not deviate from the gist of this invention, it can change variously and can carry 
out. 

[Brief Description of the Drawings] 
[0049] 

[Drawing 1]T he key map showing the concentration distribution of the nitrogen atom in the gate 
dielectric film of MISFET proposed by this invention, and a metal atom. 
[Drawing 2] The figure showing the result of being before and after heat treatment and having 
measured nitrogen concentration distribution of the thickness direction in the gate dielectric 
film which consists of hafnium silicate nitride by HR-RBS. 

[Drawing 3] The key map showing the hafnium concentration dependency of the stability of 
nitrogen in a hafnium silicate nitride film. 

[Drawing 4]T he sectional view showing the outline structure of MISFET concerning the 
embodiment of this invention. 

[Drawing 5]T he sectional view showing the manufacturing process of MISFET of drawing 4 . 
[Drawing 6] The figure showing the gas supply timing at the time of forming a hafnium silicate 
nitride film by the ALD method. 
[Description of Notations] 
[0050] 

101 ~ Silicon substrate 

102 ~ Isolation region 

103 - Gate dielectric film 

104 ~ Gate electrode 

105 ~ Diffusion zone (source drain area) 

106 - Silicon nitride film 

107 ~ Interlayer insulation film 

108 - Wiring 



[Translation done.] 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd... 6/3/2008 



JP,2005-045166,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 
[0049] 

[Drawing 1l The l<ey map showing the concentration distribution of the nitrogen atom in the gate 
dielectric film of IVIISFET proposed by this invention, and a metal atom. 
[Drawing 2] The figure showing the result of being before and after heat treatment and having 
measured nitrogen concentration distribution of the thiclcness direction in the gate dielectric 
film which consists of hafnium silicate nitride by HR-RBS. 

[Drawing 3] The key map showing the hafnium concentration dependency of the stability of 
nitrogen in a hafnium silicate nitride film. 

[Drawing 4] The sectional view showing the outline structure of MISFET concerning the 
embodiment of this invention. 

[Drawing 5] The sectional view showing the manufacturing process of MISFET of drawing 4 . 
[Drawing 6]T he figure showing the gas supply timing at the time of forming a hafnium silicate 
nitride film by the ALD method. 
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[Drawing 3] 
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[Drawing 6] 
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